Thermodynamic redox behavior of the heme centers of cbb3 heme-copper oxygen reductase from Bradyrhizobium japonicum.
A comprehensive study of the thermodynamic redox behavior of the hemes from the cbb3 oxygen reductase from Bradyrhizobium japonicum was performed. This enzyme is a member of the C-type heme-copper oxygen reductase superfamily and has three subunits with six redox centers: four low-spin hemes and a high-spin heme and one copper ion, composing the site where oxygen is reduced. In this analysis, the visible spectra and redox properties of the five heme centers were deconvoluted. Their redox profiles and the pH dependence of the midpoint reduction potentials (redox-Bohr effect) were investigated. The reference reduction potentials (defined for a state where all centers are reduced) and homotropic interaction potentials were determined in the framework of a model of pairwise interacting redox centers. At pH 7.7, the reference reduction potentials for the three hemes c are 390, 300, and 220 mV, with low interaction potentials between them, weaker than -15 mV. For hemes b and b3, reference reduction potentials of 375 and 290 mV, respectively, were obtained; these two redox centers show an interaction potential weaker than -60 mV. The midpoint reduction potentials of all five hemes are pH-dependent. The study of these thermodynamic parameters is important in understanding the coupling mechanism of the redox and chemical processes during oxygen reduction. The analysis of the thermodynamic redox behavior of the cbb3 oxygen reductase contributes to the investigation of the mechanism of electron transfer and proton translocation by heme-copper oxygen reductases in general and indicates a thermodynamic coupling for the electron and proton transfer mechanisms.